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 RQH FDQ
DUELWUDULO\ PRYHURWDWH D SHUPDQHQW PDJQHW 30 RI DQ DUELWUDU\ VKDSH
PHDVXULQJ WKH IRUFHDQG WRUTXHDFWLQJRQPDJQHWEXW LQRUGHU WRVLPSOLI\ WKH
GDWDDQDO\VLVWKHV\PPHWULFFRQILJXUDWLRQLVPRUHSUHIHUDEOH)LJOHIWSDQHO
VKRZV D VNHWFK RI VXFK D VLPSOLILHG VWDQGDUG OHYLWDWLRQ IRUFH PHDVXULQJ
SURFHGXUH ,Q VXFK DQ D[LDOO\ V\PPHWULF FRQILJXUDWLRQ D 30 PRYHV XS DQG
GRZQ DERYH WKH LQYHVWLJDWHG +76 VDPSOH DQG WKH PHDVXULQJ YDOXH LV WKH
YHUWLFDO OHYLWDWLRQ IRUFH )] DV D IXQFWLRQ RI GLVWDQFH ] )LJ  ULJKW SDQHO
UHSUHVHQWVDQH[DPSOHRIVXFKH[SHULPHQWDOGDWD$ODWHUDOIRUFH)[ DQGRU)\ LI
DSSHDUV LQGLFDWHV WKDW WKH LQYHVWLJDWHG VDPSOH LV QRW V\PPHWULF XVXDOO\
PXOWLGRPDLQ 7KH VFDOH RI WKH 
LQWHUDFWLRQ YROXPH
 LQ WKH +76 VDPSOH
LQWHJUDWHG SURSHUWLHV RIZKLFK RQHPD\ GHFLSKHU IURP VXFKPHDVXUHPHQWV LV
GHWHUPLQHG E\ 30 VL]H DQG GLVWDQFH ] DQG FRQVHTXHQWO\ FDQ EH VHW E\
H[SHULPHQWDOLVW8VLQJVXFKDSURFHGXUHZHKDYHGHYHORSHGDVLPSOHDSSURDFK
WR GHWHUPLQH WKH FULWLFDO FXUUHQW GHQVLW\ LQPHOWSURFHVVHG+76 EXONV >@ ,W
KDVEHHQVKRZQWKDWDFFRUGLQJWRWKHVLPSOHVW
YLVXDO
PHWKRGWKHEXONFULWLFDO
FXUUHQWGHQVLW\RIWKHVDPSOHFDQEHHVWLPDWHGDV
 -F | FS
EDU'] 
ZKHUHEDU LV DSDUDOOHO WR WKH WRS+76 VXUIDFHFRPSRQHQWRI WKH30ILHOG LWV
PD[LPXPYDOXHDWOHYHORIWKHVXUIDFHDQG'] LVWKHVKLIWRIWKHH[SHULPHQWDO
)]] FXUYH ZLWK UHVSHFW WR WKH FDOFXODWHG LGHDO RQH VHH )LJ  $ EULHI
GHVFULSWLRQRI WKHDSSURDFK LVJLYHQ LQVHFWLRQ IRUPRUHGHWDLOVVHH >@
$QRWKHU DSSURDFK >@ KDV EHHQ GHYHORSHG WR HVWLPDWH WKH TXDOLW\ RI
VXSHUFRQGXFWLQJMRLQWVZHOGVEHWZHHQEORFNVRI+76EXONV>@DQGHYDOXDWH
WKHMRLQW
VFULWLFDOFXUUHQWGHQVLW\
5(621$1&(26&,//$7,217(&+1,48(
7KH UHVRQDQFH RVFLOODWLRQV WHFKQLTXH LV VLPSOH WR UHDOL]H EXW DOORZV WR REWDLQ
WKH XQLTXH UHVXOWV LQ XQGHUVWDQGLQJ RI WKHPDJQHWLF SURSHUWLHV RI+76 EXONV
7KLVPHWKRGLVEDVHGRQDQLQYHVWLJDWLRQRIDPHFKDQLFDOV\VWHPZLWKDIUHHO\
OHYLWDWHGSHUPDQHQWPDJQHWDERYHD+76VDPSOH0HDVXULQJWKHSDUDPHWHUVRI
IRUFHG RVFLOODWLRQV RI D 30 RQH FDQ REWDLQ LQIRUPDWLRQ DERXW VWUXFWXUH DQG
HOHFWURPDJQHWLFSURSHUWLHVRIH[SORUHG+76VDPSOHV)LJ UHSUHVHQWVDEDVLF
V\VWHP>±@ZKLFKKDVEHHQXVHGZLWKJUDQXODU>±@DQGFRPSRVLWH>
@<%&2DQG%6&&2FHUDPLFVDQGLQDVOLJKWPRGLILFDWLRQZLWKWKHPHOW
SURFHVVHG<%&2TXDVLVLQJOHFU\VWDOV>±@
$&FRLO
30
)LJ$EDVLFFRQILJXUDWLRQRIWKHUHVRQDQFHRVFLOODWLRQVWHFKQLTXH
+HUHWKHIRUFHGRVFLOODWLRQVRIWKHSHUPDQHQWPDJQHWZLWKPDVVP PDJQHWLF
PRPHQWP DQGGLDPHWHUG ZKLFKOHYLWDWHVRQWKHGLVWDQFHRI[ RYHUWKHVXUIDFH
RI WKH+76VDPSOHKDYHEHHQLQGXFHGE\WKH$&FRLODQGWKHLUDPSOLWXGHKDV
EHHQ PHDVXUHG E\ WKH PLFURVFRSH ZLWK D PP DFFXUDF\ 7R LQFUHDVH WKH
DFFXUDF\ WKHPDJQHWLF LQGXFWLRQV\VWHPKDVEHHQXVHG7KH30SURGXFHV WKH
$&PDJQHWLF ILHOG+  + KVLQZW DW WKH VXUIDFHDQG LQ WKHYROXPHRI WKH
+76 )RU WKH EDVLF V\VWHP RQ JUDQXODU +76 WKH IROORZLQJ YDOXHV KDYH EHHQ
FKRVHQP  JP  *FP G  PP[ PP
 7KHPDLQSDUDPHWHUVKHUHWRPHDVXUHDUH
HODVWLFLW\
DQG
GDPSLQJ
RU
HQHUJ\
ORVV
,WLVSRVVLEOHWRVD\WKDWHODVWLFLW\RIWKHV\VWHPLVPDLQO\GHWHUPLQHGE\
VDPSOHVWUXFWXUHZKLOHWKHGDPSLQJLVPRVWO\UHODWHGZLWKWKHHQHUJ\ORVVZKLFK
RFFXUVGXHWRPDJQHWLFIOX[PRWLRQLQWKH+76VDPSOH,QWKHJLYHQV\VWHPWKH

HODVWLFLW\
 FDQ EH DVVRFLDWHG ZLWK WKH UHVRQDQFH IUHTXHQF\ Z ZKLOH WKH

GXPSLQJ
²ZLWKWKHGXPSLQJFRHIILFLHQWG G LVWKHUHVRQDQFHFXUYHZLGWKRQ
D KHLJKWRI$PD[  RU LQYHUVHG4IDFWRU4  ZG 7KH VWRUDJH HQHUJ\:
DQGHQHUJ\ORVVSHUSHULRG: FDQEHGHWHUPLQHGDV
 :  PZ$ :  S:4 
7KH GHSHQGHQFHV RI WKHVH SDUDPHWHUV RQ WKH UHVRQDQFH DPSOLWXGH$PD[ JLYH D
YDVW RI LQIRUPDWLRQ DERXW VWUXFWXUH DQG SURSHUWLHV RI +76 EXONV EXW WKLV
LQIRUPDWLRQVKRXOGEHGHFLSKHUILUVW
 ,Q WKH V\VWHPV ZKHUH LW ZDV SRVVLEOH WR DSSUR[LPDWH WKH 30 DV D SRLQW
PDJQHWLFGLSROHZLWKWKHP SDUDOOHOWRWKH+76VXUIDFHDVLWLVVKRZQLQ)LJ
WKHUH DUH ILYHPRGHV V RI 30 RVFLOODWLRQV WKUHH WUDQVODWLRQPRGHV V  [ \ ]
DORQJWKHFRUUHVSRQGLQJD[HVDQGWZRURWDWLRQRUWRUVLRQPRGHVV  \DQGT
DURXQG [ DQG \ D[HV UHVSHFWLYHO\ >@ (YHU\ PRGH KDV WKH IROORZLQJ
SDUDPHWHUV RI LWV RZQ UHVRQDQFH IUHTXHQF\ Z GDPSLQJ G DQG WKHLU

GHSHQGHQFLHV RQ WKH 30 DPSOLWXGH $ 7KH SUHVHQFH RI WKHVH PRGHV KLJKO\
HQODUJHVWKHFDSDELOLWLHVRIWKHWHFKQLTXH
 7KHUH DUH PDQ\ VLPLODU FRQILJXUDWLRQV RI WKH 30±+76 RVFLOODWLQJ V\VWHPV
ZKLFKKDYHEHHQVWXGLHGE\RWKHUDXWKRUV>±@:HPHQWLRQKHUHWKUHHWKH
PRVW VHQVLWLYH RQHV  $ VXSHUFRQGXFWLQJ VXVSHQVLRQ RI WKH 1E VSKHUH
RVFLOODWLQJLQWKHPDJQHWLFILHOGKDVEHHQXVHGE\+HEDUG>@DVDQH[WUHPHO\
VHQVLWLYHWRROLQWKHH[SHULPHQWDODWWHPSWWRPHDVXUHWKHTXDUNVFKDUJHV$
WLQ\30LQVLGHDVXSHUFRQGXFWLQJFDSDFLWRUKDVEHHQXVHGE\*URVVHUHWDO>
@ WRVWXG\WKHYRUWH[G\QDPLFV LQ+76ILOPV7KHZHOONQRZQ
YLEUDWLQJ
UHHG
PHWKRG >@ZKLFK VWULFWO\ VSHDNLQJGRHVQRWEHORQJV WR 
OHYLWDWLRQ

WHFKQLTXHV EXW LV EDVHG RQ WKH VDPH LGHD RI PHDVXULQJ WKH HODVWLFLW\ DQG
GDPSLQJ LQ D VXSHUFRQGXFWRUPDJQHW V\VWHP KDV \LHOGHG D ORW RI LQWHUHVWLQJ
UHVXOWVDERXWSLQQLQJDQGYRUWH[G\QDPLFVLQVXSHUFRQGXFWLQJILOPV>@
0$*1(7,&52725
$V LWZDVZULWWHQEHIRUH LQYHVWLJDWLQJ WKHHQHUJ\ ORVV LQ+76VDPSOHV LQ$&
ILHOGLVDQLPSRUWDQWWRROWRVWXG\WKHPHFKDQLVPRIWKHPDJQHWLFIOX[PRWLRQLQ
VXSHUFRQGXFWRUVDQGWKHUHVRQDQFHRVFLOODWLQJWHFKQLTXHKDVWXUQHGWREHYHU\
VXFFHVVIXO IRU QRQGHVWUXFWLQJ LQYHVWLJDWLRQV RI +76 EXONV %XW XVLQJ WKLV
WHFKQLTXHRQH FDQPDLQO\ VWXG\ WKH HQHUJ\ ORVVDVD IXQFWLRQRI WKHPDJQHWLF
ILHOGDPSOLWXGH²RQO\VPDOOIUHTXHQF\UDQJHFDQEHFRYHUHGE\FKDQJLQJWKH
30PDVV>@RUFRQVLGHULQJWKHGLIIHUHQWPRGHVRIWKH30RVFLOODWLRQV>
@
 7KH PDJQHWLF URWRU WHFKQLTXH DOORZV WR PHDVXUH HQHUJ\ ORVVHV LQ D ZLGH
IUHTXHQF\UDQJH>±@7KLVPHWKRGLVEDVHGRQDKLJKVSHHGPDJQHWLFURWRU
RQ FRQWDFWOHVV +76 EHDULQJV > @ 'XH WR ORZ HQHUJ\ FRQVXPSWLRQ WKLV
PHWKRGDOORZVWRREWDLQLQIRUPDWLRQLQWKHIUHTXHQF\UDQJHRI±+]>
@

)LJUHSUHVHQWVWKHKRUL]RQWDOOHIWDQGYHUWLFDOULJKWFRQILJXUDWLRQVRIVXFK
H[SHULPHQWV
 ,Q WKH H[SHULPHQWDO SURFHGXUHV ZH KDYH XVHG HLWKHU WKH IUHH VSLQ GRZQ
PHDVXUHPHQWV >  @ RU SKDVH GLIIHUHQFH GHWHFWLQJ >±@ 7KH ILUVW
WHFKQLTXHZDVXVHGE\+XOOHWDO>±@LQWKHLQYHVWLJDWLRQVRIWKHIO\ZKHHO
EHKDYLRU WR GHWHUPLQH WKH FRHIILFLHQW RI IULFWLRQ &2) ([SORLWLQJ VXFK D
SURFHGXUHIRUWKHHQHUJ\ORVVZHFDQZULWH>@
 GW
G-: ZS Z   
ZKHUH- LVWKHLQHUWLDOPRPHQWRIWKHURWRUZ LVLWVURWDWLRQIUHTXHQF\DQGGZGW
FDQEHUHDGLO\REWDLQHGIURPWKHH[SHULPHQWDOZW GHSHQGHQF\
 $QRWKHUPHWKRGRIHQHUJ\ ORVVGHWHUPLQDWLRQ LV WKHPHDVXULQJRI WKHSKDVH
M RIWKHURWRUURWDWLRQZKLFKFDQEHPHDVXUHGE\SKDVHGLIIHUHQFHEHWZHHQWKH
GULYLQJDQGGHWHFWLQJFRLOVVHH)LJ,QWKLVFDVHWKH$&ORVVLV>@






+76EHDULQJ 6DPSOH
6DPSOH
)LJ+RUL]RQWDOOHIWDQGYHUWLFDOULJKWFRQILJXUDWLRQVRIWKHPDJQHWLFURWRUWHFKQLTXHIRUWKH HQHUJ\ ORVVPHDVXULQJ  LV WKHPDJQHWZKLFK URWDWHVZLWK URWRU DQG JHQHUDWHV WKH$&PDJQHWLF ILHOG LQ WKH VDPSOH LV WKH GULYLQJPDJQHW E\ZKLFK WKH URWRU URWDWHV DUH WKHFDUU\LQJPDJQHWVZKLFKDUH WKHURWDWLQJSDUWVRIFRQWDFWOHVVEHDULQJVZKHUHDV WKH+76SDUWVSOD\WKHUROHRIDVWDWRU LVDVXSSRUWLQJPDJQHWLQWKHYHUWLFDOFRQILJXUDWLRQ

 :Z  SP+ VLQMZ 
ZKHUHP LVWKHPDJQHWLFPRPHQWRIWKHFHQWUDOGULYLQJPDJQHWDQG+ LVWKH$&
ILHOGDPSOLWXGHSURGXFHGE\WKHGULYLQJFRLOVRQWKLVPDJQHW
 $SDUWIURPWKHVHWKHUHDUHGLIIHUHQWG\QDPLFSDUDPHWHUVRIWKHURWRUVXFKDV
IUHTXHQF\DQGGDPSLQJRIWKHSKDVHM RVFLOODWLRQVHWFWKDWDUHGHWHUPLQHGE\
HQHUJ\ ORVV LQ WKH V\VWHP DQG FDQ EH XVHG IRU LWV PHDVXULQJ VHH >@ IRU
GHWDLOV
27+(57(&+1,48(6
%RWK WKH UHVRQDQFH RVFLOODWLRQV DQG PDJQHWLF URWRU WHFKQLTXHV KDYH D ORZ
IUHTXHQF\ OLPLW DERXW  +] 8QIRUWXQDWHO\ WUDGLWLRQDO PHDVXUHPHQWV RI WKH
PDJQHWLFUHOD[DWLRQDUHOLPLWHGDVDUXOHE\DVHFWLPHZLQGRZ>@ZKLFK
OHDYHVWKHIUHTXHQF\UDQJHLQ±+]XQFRYHUHGE\DQ\WHFKQLTXH7KXVWR
ILOO WKH JDS QHZ H[SHULPHQWDO WHFKQLTXHV DUH KLJKO\ ZDQWHG KHUH DQG WKH
OHYLWDWLRQ WHFKQLTXHV DSSHDUHG WR EH VXLWDEOH IRU WKLV SXUSRVH WRR +HUH ZH
EULHIO\PHQWLRQWZRRIWKHP
 2QH RI VXFK D WHFKQLTXH LV EDVHG RQ WKH HIIHFW RI WKH YLVFRXVPRWLRQ RI D
SHUPDQHQW PDJQHW WKURXJK WKH +76 DSHUWXUH >@ :H KDYH XVHG LW WR
LQYHVWLJDWHWKHPDJQHWLFIOX[UHOD[DWLRQZLWKFKDUDFWHULVWLFWLPHDERXWVHFWKH
VKRUW WLPH PDJQHWLF UHOD[DWLRQ LQ JUDQXODU +76 > @ )LJ  VKRZV WKH
30 +76&
]
[P
)LJ7KHH[SHULPHQWDOFRQILJXUDWLRQRIWKHYLVFRXVPRWLRQPHWKRGZKLFKKDYHEHHQXVHGWRPHDVXUHVKRUWWLPHPDJQHWLFUHOD[DWLRQLQJUDQXODU+76>@

H[SHULPHQWDOFRQILJXUDWLRQZKLFKKDYHEHHQXVHG>@
 'XULQJWKHH[SHULPHQWDOSURFHGXUHWKHPDJQHWLFPRPHQWRIWKH30ZDVNHSW
FRQVWDQW ZKLOH WKH 30PDVV ZDV YDULHG E\ DGGLQJ WR WKH 30 VRPH RI QRQ
PDJQHWLFPDWHULDO$W.XQGHUVRPHUHODWLRQRIWKHH[SHULPHQWDOJHRPHWU\
30PDVVDQGPDJQHWLFPRPHQWRQHFDQREVHUYHWKHYLVFRXVPRWLRQRIWKH30
WKURXJK WKH DSHUWXUH RI WKH VXSHUFRQGXFWLQJ VDPSOH XQGHU JUDYLW\ )LJ 
UHSUHVHQWV WKH YHORFLW\ GHSHQGHQFLHV RI WKH 30 RQ WLPH YW 7KH SODWHDX
YW  FRQVW DOORZV XV WR UHODWH WKLV YHORFLW\ ZLWK FKDUDFWHULVWLF WLPH RI WKH
PDJQHWLFIOX[GLIIXVLRQLQ+76JUDLQV,Q>@ZHKDYHREWDLQHGWKHUHODWLRQ
 ¹¸
·
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
ZKHUHP LV WKH30PDVVP LVDPD[LPXPPDVVDWZKLFKWKHPDJQHWPRWLRQ
YHORFLW\ LV]HURWKDWZDVREWDLQHGIURPWKHGDWDH[WUDSRODWLRQIRUWKH30ZLWK
WKHGLIIHUHQWPDVVHVJ LVWKHJUDYLW\DFFHOHUDWLRQZ] LVWKHUHVRQDQFHIUHTXHQF\
       

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)LJ ([SHULPHQWDO GHSHQGHQFLHV RI WKH30YHORFLW\RQ WLPH IRUGLIIHUHQW30PDVVHV IRU%6&&2JUDQXODUVDPSOHDW.'DVKHGOLQHVKRZVWKHUHJLRQZKHUHWKH30EHJLQVWRIHHOWKH+76ERWWRPHGJH

RIWKH30YHUWLFDORVFLOODWLRQV7KHPHWKRGDOORZVWRPHDVXUHWKHFKDUDFWHULVWLF
WLPHRIWKHPDJQHWLFIOX[UHOD[DWLRQZLWKWKHDFFXUDF\XSWR>@
 $QRWKHULQWHUHVWLQJWHFKQLTXHWRVWXG\ORZIUHTXHQF\PDJQHWLFSURSHUWLHVRI
+76 EXONV KDV EHHQ SURSRVHG E\ 5RVVPDQ DQG %XGQLFN >@ 7KH DXWKRUV
H[SORUH ERWK WKH H[SHULPHQWDO DQG WKHRUHWLFDO DVSHFWV RI WKH SUHFHVVLRQ RI D
PDJQHW RYHU GLIIHUHQW +76 VDPSOHV DQG KDYH VKRZQ WKDW WKH SUHFHVVLRQ
PHDVXUHPHQW FDQ EH XWLOL]HG DV D XVHIXO PHWKRG WR VWXG\ ORZ IUHTXHQF\
+]$&VFUHHQLQJUHVSRQVHORVVRIWKHVXSHUFRQGXFWRU
 ,QWKHIROORZLQJVHFWLRQVZHSUHVHQWWKHUHVXOWVZKLFKKDYHEHHQREWDLQHGE\
DSSO\LQJDVHWRIWKHOHYLWDWLRQWHFKQLTXHVGHVFULEHGDERYH

*UDQXODU+76
+LVWRULFDOO\ WKH ILUVW +76VDPSOHV ZHUH WKH JUDQXODU FHUDPLFV ,W LV WKHVH
VDPSOHV WKDWKDYHEHHQH[SRVHG LQ WKH ILUVWSODFHWR WKHUHVHDUFKERRPRQWKH
EHJLQQLQJRI WKH+76HUD$QGIURPWKHYHU\EHJLQQLQJWZRPDLQDSSURDFKHV
KDYH EHHQ XVHG WR GHVFULEH WKH PDFURVFRSLF PDJQHWLF G\QDPLFV LQ WKHVH
VDPSOHV L DVDPRWLRQRIYRUWLFHV $EULNRVRYOLNH >@DQGLLFRQVLGHULQJ
WKHVDPSOHDVDQDUUD\RI-RVHSKVRQ MXQFWLRQV ZHDN OLQNV >@1RZRQH
FDQ VD\ WKDW WKHVH DSSURDFKHV DUH QR ORQJHU FRQIOLFWLQJ 7KH TXHVWLRQ LV QRW
ZKLFKRQH LVEHWWHUEXWZKHUHDQGZKHQ WKH\VKRXOGEHDSSOLHG(YLGHQWO\ LQ
RUGHUWRXQGHUVWDQGWUDQVSRUWSURSHUWLHVRIJUDQXODU+76RUWKHLUORZILHOGKLJK
IUHTXHQF\ UHVSRQVH WKH LQIOXHQFH RI LQWHUJUDLQ MXQFWLRQV FDQQRW EH QHJOHFWHG
%XW ORZ IUHTXHQF\ PDJQHWLF SURSHUWLHV RI VXFK VDPSOHV LQ PDJQHWLF ILHOGV
KLJKHUWKDW2HDUHPDLQO\UHODWHGZLWKLQWUDJUDLQYRUWH[G\QDPLFV>±@
7KHVHSURSHUWLHVDUHWKHPDJQHWL]DWLRQLWVUHOD[DWLRQDQGHQHUJ\ORVV$QGLWLV
WKH LQWHUDFWLRQ RI VXSHUFRQGXFWLQJ JUDLQVZLWKPDJQHWLF ILHOG WKDW GHWHUPLQHV

WKHVH SURSHUWLHV DQG FRQVHTXHQWO\ WKH PHFKDQLFDO SURSHUWLHV RI ODUJH VFDOH
OHYLWDWLRQV\VWHP7KLVLVVXHLVDGGUHVVHGEHORZLQWKHIROORZLQJVXEVHFWLRQV
 :HKDYHLQYHVWLJDWHGWKH<%D&X2G<3E%L6U&D&X2G %L
DQG3E%L6U&D&X2G %LFHUDPLFVZLWKW\SLFDOVL]HRIJUDLQV
DERXW ±P IRU < DQG ZLWK ±P IRU %LFRPSRXQGV 7KHQ WZR
VWUXFWXUDOW\SHVRIVDPSOHVRIHDFKFRPSRXQGKDYHEHHQXVHGWKHFHUDPLFDQG
WKHFRPSRVLWHVDPSOHV$OOVDPSOHVZHUHFPWKLFNSHOOHWVRIFPGLDPHWHU
7KH FHUDPLF VDPSOHV KDYH EHHQ FXW IURP WKH VLQWHUHG VXSHUFRQGXFWRUV 7KH
FRPSRVLWH VDPSOHV KDYH EHHQ IRUPHG IURP WKH +76 JUDLQV GLVSHUVHG LQWR
LQVXODWLQJ SDUDIILQ 7KH GLVSHUVHG JUDLQV KDYH EHHQ REWDLQHG E\ JULQGLQJ WKH
VLQWHUHGVXSHUFRQGXFWRUV7KHDEVHQFHRIHOHFWULFDOFRQWDFWVEHWZHHQJUDLQV LQ
WKHFRPSRVLWHVDPSOHVKDVEHHQFKHFNHGPHDVXULQJWKHUHVLVWDQFH
52/(2)*5$,16
:H VWDUW IURP WKH HODVWLFSURSHUWLHVRI WKH30+76V\VWHPV ,Q >@ZHKDYH
VKRZQWKDW LQRUGHU WRGHVFULEH WKHHODVWLFLW\RIVXFKV\VWHPVZLWK<DQG
%L FHUDPLFV DW . WKH JUDQXODU VDPSOH FDQ EH FRQVLGHUHG DV D VHW RI
LQGHSHQGHQW LVRODWHG JUDLQV )RU WKH UHVRQDQFH IUHTXHQFLHV RI WKH 30ZV IRU
HDFKRIILYHPRGHVRILWVRVFLOODWLRQVRQHFDQZULWHDQH[SUHVVLRQ
7$%/(7KHJHRPHWULFFRHIILFLHQWV VHH(T IRU WKH30+76RVFLOODWLQJV\VWHPZKHUHWKHSRLQWPDJQHWLFGLSROHIUHHO\OHYLWDWHVDERYHDJUDQXODU+76>@
0RGHVV ]V [V [ _ _V [ AV :_ _: :A:
[       
\        
]        
\         
T      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ZKHUH*V LV WKH JHQHUDOL]HGPDVV*[  *\ *]  P *\  *T  PG[
[V DQG ]V DUH WKH JHRPHWULFDO FRHIILFLHQWV UHSUHVHQWHG LQ 7DEOH D LV WKH
VXSHUFRQGXFWLQJ JUDLQV YROXPH IUDFWLRQ E LV D YROXPH PDJQHWL]DWLRQ
FRHIILFLHQWVHH>@IRUGHWDLOVDQG' LVDGHPDJQHWL]DWLRQIDFWRUZKLFKWDNHV
LQWRDFFRXQWWKHILHOGRIJUDLQVWKHHIIHFWLYHPDJQHWLFILHOGIRUHDFKJUDLQLV+L
 +  '% 'ZKHUH+ LV WKH ILHOG RI WKH30DQG% LV WKH 
PDJQHWLF
LQGXFWLRQ
RUWKHILHOGLQVLGHJUDLQV7KHGHPDJQHWL]DWLRQIDFWRULVYHU\FORVHWR
 IRU WKH 
GHQVH
 JUDQXODU V\VWHPV ZLWK D !  >@ 7KXV WKH 
SK\VLFDO

FRHIILFLHQWVD DQG E FDQ EH GHWHUPLQHG IURP WKH H[SHULPHQWDO YDOXHV RI WKH
UHVRQDQFHIUHTXHQFLHVIRUDQ\WZRPRGHV
 ,Q>@FRPSDULQJWKHFHUDPLFDQGFRPSRVLWHVDPSOHV ZHKDYHVKRZQWKDW
IURP SRLQW RI YLHZ RI WKH$& ORVV WKH< DQG%L VXSHUFRQGXFWLQJ FHUDPLFV
DOVR FDQ EH FRQVLGHUHG DV D VHW RI LQGHSHQGHQW JUDLQV )LJ  UHSUHVHQWV WKH
 

E
&
S
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E
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 
)LJ7KHLQYHUVH4IDFWRUYVWKHPD[LPDODPSOLWXGHRIPDJQHWLFILHOGRQWKH+76VXUIDFHIRU WKH FHUDPLF FORVHG V\PEROV DQG FRPSRVLWH RSHQ V\PEROV VDPSOHV PDGH RI <VTXDUHVDQG%LFLUFOHVVXSHUFRQGXFWRUV

LQYHUVH4IDFWRUDVDIXQFWLRQRIEPD[ WKHPD[LPXPILHOGDPSOLWXGHRQWKH+76
VXUIDFHIRUWKHJUDQXODUDQGFRPSRVLWHVDPSOHV7KH4IDFWRURIWKLVV\VWHPLV
LQGHSHQGHQWRQ[ D DQG$ VRLWLVFRQYHQLHQWWRFRPSDUHWKHGLIIHUHQWVDPSOHV
9,6&26,7<(9$/8$7,21
7KHSODWHDX WKDWFDQEH IRXQGRQ WKHGHSHQGHQFLHVRI4 VHH)LJRQWKH
DPSOLWXGHVKRZVWKHYLVFRXVPHFKDQLVPRIWKHHQHUJ\ORVVHVIRUZKLFK>@
 : SPGZ$a EPD[ 
$ERYHWKHFULWLFDODPSOLWXGHEF a *WKHK\VWHUHWLFORVVRFFXUV>@
 7KHQXVLQJVLPSOHUHDVRQLQJ>@RQHFDQHYDOXDWHWKHUDQJHRIWKHYLVFRVLW\
RIWKHLQWUDJUDLQIOX[PRWLRQ7KHOLQHDUYLVFRVLW\KO LVWKHSURSRUWLRQDOLW\IDFWRU
EHWZHHQ WKHYLVFRXV IULFWLRQDO IRUFHSHUYRUWH[OHQJWKDQGWKHYRUWH[YHORFLW\
IY  KOY 2QH FDQ ZULWH WKH YROXPH YLVFRVLW\ K9  KO%I ZKHUH % LV WKH
PDJQHWLF ILHOG LQ WKH VXSHUFRQGXFWLQJ JUDLQV DQG I LV WKH PDJQHWLF IOX[
TXDQWXP7KDQWKHHQHUJ\ORVVFDQEHUHZULWWHQDV
 : SKOZ¢D²9%I 
ZKHUH ¢D² LV WKHPHDQ VTXDUH RVFLOODWLRQ DPSOLWXGH RI YRUWLFHV DQG9 LV WKH
YROXPHRIWKHVXSHUFRQGXFWRULQZKLFKWKHPDLQHQHUJ\GLVVLSDWLRQRFFXUV)RU
D TXDQWLWDWLYH HVWLPDWLRQRIKO RQH VKRXOG NQRZ WKHPHFKDQLVPRI WKH YRUWH[
SHQHWUDWLRQ LQWR JUDLQ EXW LW LV SRVVLEOH WR HVWLPDWH WKH ORZHU OLPLW RIKO ,Q
5HI ZH KDYH REWDLQHG KO !  JFPVHF RU K9 ! JFP V WKDW
H[FHHGV WKH IOX[ IORZ YLVFRVLW\ K))a JFPVHF >@ LQ PRUH WKHQ WKUHH
RUGHUVRIPDJQLWXGH6XFKDJLDQWYLVFRVLW\PD\EHH[SODLQHGE\DQRWKHUOLQHDU
PHFKDQLVPRIWKHYLVFRXVIOX[PRWLRQQDPHO\WKHWKHUPDOO\DVVLVWHGIOX[IORZ
7$))>@

75$16/$7,21$/$1'527$7,21$/),(/'&20321(176
)RUWKHYLVFRXVIOX[PRWLRQWKHLPDJLQDU\SDUWRIWKHPDJQHWLFVXVFHSWLELOLW\F


GRHVQRWGHSHQGRQ$&ILHOGDPSOLWXGHK EXWRQO\RQLWVIUHTXHQF\7KHHQHUJ\
ORVVSHUSHULRGFDQEHREWDLQHGE\WDNLQJLQWHJUDORYHUDOO+76VDPSOHYROXPH
9
³F ccSD 
9
GK:   UU  
6R GXH WR YLVFRXV FKDUDFWHU RI WKH $& ORVVHV XQGHU EF  LQ WKH 30+76
V\VWHPIRUHDFKPRGHV KV w+wV$ RQHFDQZULWH>@
 :V SDP[[VF

ZV$ 
+HUHIRUWKHURWDWLRQDOPRGHV$  M[ ZKHUHM LVWKHDQJXODUDPSOLWXGHRIWKH
30 RVFLOODWLRQV 7KH QXPHULF YDOXHV RI [V DUH WKH VDPH DV LQ (T DQG DOVR
SUHVHQWHG LQ 7DEOH 7KH QRQPRQRWRQLF GHSHQGHQFH RI F

 v :V$[V RQ Z
ZKLFKLVVKRZQRQWKHOHIWSDQHORI)LJGHPRQVWUDWHVWKDWLWLVQRWSRVVLEOHWR
H[SODLQWKHGDWDZLWKLQDQLVRWURSLFPRGHOQHJOHFWLQJ$&ILHOGGLUHFWLRQ6RDV
D ILUVW SRVVLEOH VWHS ZH VHSDUDWH WKH FRQWULEXWLRQV RI WKH WUDQVODWLRQDO K__
   
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)LJ  ([SHULPHQWDO  DQG FDOFXODWHG u YDOXHV RI $& ORVV SHU VTXDUH DPSOLWXGH YVUHVRQDQFH IUHTXHQF\ IRU ILYHPRGHV OHIW SDQHO DQG WKH UHFDOFXODWHG LPDJLQDU\ SDUW RI WKHVXVFHSWLELOLW\ YV DOWHUQDWLQJ PDJQHWLF ILHOG IUHTXHQF\ IRU ORQJLWXGLQDO DQG WUDQVYHUVH ILHOGFRPSRQHQWVIRU<JUDQXODUVDPSOHULJKWSDQHO

SDUDOOHO WR '& ILHOG K____+ DQG URWDWLRQDO KA SHUSHQGLFXODU KAA+ $&
ILHOGFRPSRQHQWV7KHQ  __ A KKK DQG:  :__ :A 7KHQXPHULFYDOXHVRI
[__V DQG [AV DUH DOVR SUHVHQWHG LQ 7DEOH 7KH UHODWLYH FRQWULEXWLRQ IURP WKLV
FRPSRQHQWVWR$&ORVVLVGLIIHUHQWIURPPRGHWRPRGHVHH7DEOH)RUWKH[
DQG\ PRGHVWKHWUDQVODWLRQDOFRPSRQHQWSUHGRPLQDWHVIRURWKHUWUHHPRGHV]
\ DQGT WKLVLVYLFHYHUVD
 1RZ IURP WKHH[SHULPHQWDOYDOXHVRI:V XVLQJQXPHULFDOFDOFXODWLRQVRQH
FDQ ILQG Fs
__
Z DQG FsAZ IXQFWLRQV 7KH UHVXOW RI VXFK FDOFXODWLRQV IRU WKH
<%&2VDPSOHLVVKRZQLQ)LJULJKWSDQHO7KHFDOFXODWLRQVZHUHPDGHIRU
WKHIRXUPRGHVDQGFKHFNHGIRUWKHILIWKRQHVHH)LJ7KHVHGDWDZHUHDOVR
YHULILHGLQWKHGLUHFWPHDVXUHPHQWVZKHUHWKHUHVRQDQFHIUHTXHQF\ZDVFKDQJHG
E\FKDQJLQJWKH30PDVV>@
 7KH UHDVRQ IRU WKH GLIIHUHQFHV LQ WKH IUHTXHQF\ GHSHQGHQFLHV EHWZHHQ WKH
WUDQVODWLRQDODQGURWDWLRQDOFRPSRQHQWVEHFRPHVREYLRXVLIRQHUHPHPEHUWKDW
WKH WUDQVODWLRQDO FRPSRQHQW WHQGV WR FKDQJH WKH PDJQLWXGH RI WKH LQWUDJUDLQ
+
+
K
K
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)LJ  $ VFKHPDWLF UHSUHVHQWDWLRQ RI WKH SHQHWUDWLRQ RI WKH SDUDOOHO DQG SHUSHQGLFXODU$&ILHOGFRPSRQHQWVLQWRDVXSHUFRQGXFWLQJJUDLQ

PDJQHWLF IOX[ E\ WU\LQJ WR SHQHWUDWH WKURXJK WKH JUDLQ ERXQGDU\ EXW WKH
URWDWLRQDOFRPSRQHQWFDXVHVWKHFKDQJHLQWKHLQWUDJUDLQPDJQHWLFIOX[GLUHFWLRQ
RQO\ VHH )LJ  ,W PHDQV WKDW WKH GLIIHUHQFHV EHWZHHQ Fs
__
Z DQG FsAZ
IXQFWLRQVFDQEHH[SODLQHGE\WKHJUDLQVXUIDFHEDUULHUIRUWKHPDJQHWLFIOX[WR
SHQHWUDWHLQWRJUDLQV>@
9,6&286(1(5*</266(6
7KH UHVXOWV SUHVHQWHG DERYH SURYH WKH YLVFRXV QDWXUH RI WKH HQHUJ\ ORVV LQ
JUDQXODU+76IRUWKHDPSOLWXGHVOHVVWKHQ*IRUWKHYRUWLFHVPRWLRQERWKLQ
WKHJUDLQVYROXPHDQGWKURXJKWKHJUDLQVVXUIDFH,WZDVVKRZQWKDWWKHHQHUJ\
ORVVHV DUH LQGXFHG E\ 7$)) ZLWK YHU\ KLJK YLVFRVLW\ EXW WR GHWHUPLQH WKLV
YLVFRVLW\ LW LV QHFHVVDU\ WR ILQG D PD[LPXP RQ DQ HQHUJ\ ORVV IUHTXHQF\
GHSHQGHQFH
 7R LQYHVWLJDWH WKH GHSHQGHQFH RI :A RQ IUHTXHQF\ WKH PDJQHWLF URWRU
WHFKQLTXHKDVEHHQXVHG>@ ,Q LWVKRUL]RQWDOFRQILJXUDWLRQOHIWSDQHORI
)LJ  WKH URWRU LQGXFHV WKH VXSHUSRVLWLRQ RI WKH URWDWLRQDO DQG WUDQVODWLRQDO
Z
:A Z
a +] a  +]
: :__ Z
ZS__ ZSA
)LJ6FKHPDWLFIUHTXHQF\GHSHQGHQFLHVRIWKH$&ORVVIRUWKHSDUDOOHODQGSHUSHQGLFXODU$&ILHOGFRPSRQHQWV

$&PDJQHWLFILHOGFRPSRQHQWVDW WKHVXUIDFHRIDQH[SORUHGVDPSOH%XWRYHU
a +] URWDWLRQDO VSHHG WKH FRQWULEXWLRQ RI WKH WUDQVODWLRQDO FRPSRQHQW LV
QHJOLJLEOHDQGLWLVSRVVLEOHWRFRQVLGHUWKDWDOOORVVHVLQ+76DUHLQGXFHGE\WKH
YLVFRXVYRUWH[PRWLRQLQWKHYROXPHRIJUDLQV7KHREWDLQHGQXPHULFYDOXHKO 
JFPVHF>@FRLQFLGHVZHOOZLWKWKHDERYHHVWLPDWLRQ7KHFKDUDFWHULVWLF
WLPHRIWKHURWDWLRQDOILHOGFRPSRQHQWSHQHWUDWLRQLV± VHF>@
 $QDGGLWLRQDO LQIRUPDWLRQRQ WKH:__Z GHSHQGHQFHFDQEHREWDLQHGE\ WKH
30 YLVFRXV PRWLRQ PHWKRG 8QGHU YHORFLWLHV RI DERXW FPV WKH
SHUSHQGLFXODU FRPSRQHQW LV QHJOLJLEOH VHH )LJ  ULJKW SDQHO DQG WKH VORZ
YLVFRXVPRWLRQRIWKH30WKURXJKWKH+76DSHUWXUHLVPDLQO\GHWHUPLQHGE\WKH
WKHUPDOO\ DFWLYDWHG GLIIXVLRQ RI WKH PDJQHWLF IOX[ LQWR JUDLQV WKURXJK WKH
VXUIDFHEDUULHU>@)URPWKHFKDUDFWHULVWLFWLPHW  VHFREWDLQHGIURP
>@ZHFDQFRQFOXGHWKDWWKHYLVFRVLW\RIWKLVSURFHVVLVE\WZRWKUHHRUGHUV
RIPDJQLWXGHKLJKHUWKDQWKDWRILQJUDLQVDQGKO | JFPVHF7KH:__Z DQG
:AZGHSHQGHQFLHVDUHVFKHPDWLFDOO\UHSUHVHQWHGLQ)LJ>@
 ,QFRQFOXVLRQZHKDYHVKRZQWKDWWKHLQWHUDFWLRQIRUFHVEHWZHHQD30DQG
JUDQXODU+76WKHHQHUJ\ORVVDQGUHOD[DWLRQLQVXFKV\VWHPVDUHGHWHUPLQHGE\
PDJQHWLF ILHOG LQWHUDFWLRQ ZLWK VXSHUFRQGXFWLQJ JUDLQV DW WKH QLWURJHQ
WHPSHUDWXUHV DQG'& ILHOGXS WR*7KHPHFKDQLVPVRI VXFK LQWHUDFWLRQ
DUHIROORZLQJ
x 7KHSHQHWUDWLRQRIWKHSDUDOOHO$&ILHOGFRPSRQHQWLQWR%LDQG%L
FHUDPLFV FDQ EH GHVFULEHG E\ WKHUPDOO\ DFWLYDWHG GLIIXVLRQ RI YRUWLFHV
WKURXJKWKHVXUIDFHEDUULHU+V  ±2HZLWKFKDUDFWHULVWLFWLPHDERXWVHF
x 7KH YRUWH[PRWLRQ LQVLGH VXSHUFRQGXFWLQJ JUDLQV RI%LFHUDPLFV H[KLELWV D
YLVFRXVQDWXUHZLWKKO | JFPVHFDQGEHORZK  KF a 2HIRUZ a
 +] LV GHWHUPLQHG E\ 7$)) ² LQ WKLV ILHOGIUHTXHQF\ UDQJH WKH
PDJQHWL]DWLRQRIJUDLQVFDQEHZHOOGHVFULEHGE\ WKHYLVFRXV IOX[GLIIXVLRQ

PRGHO DQG WKH PD[LPXP LQ :Z GHSHQGHQFLHV FRUUHVSRQG WR D 
IXOO
SHQHWUDWLRQ
 RI $& IOX[ LQWR JUDLQV GHSHQGV RQ JUDLQ VL]H G DQG$& ILHOG
DPSOLWXGHE ZS  IEGKDQGLVDERXW± +]:LWKLQFUHDVLQJWKH
ILHOG DPSOLWXGH RYHU KFZ RU WKH IUHTXHQF\ RYHU ZFK WKLV GLIIXVLRQ
EHFRPHV QRQOLQHDU E\ PHDQV RI VR FDOOHG IOX[ FUHHS )& ZKLFK WKHQ
WUDQVIRUPVLQWRIOX[IORZ))ZLWKIUHTXHQF\LQGHSHQGHQWHQHUJ\ORVV
x 7KH QDWXUH RI WKH IOX[ G\QDPLFV LQVLGH < JUDLQV LV WKH VDPH EXW WKH
SDUDPHWHUVDGLIIHUHQWKO | JFPVHFKF | 2HZF | ± +]
x 7KHSHQHWUDWLRQRIWKHSDUDOOHO$&ILHOGFRPSRQHQWLQWR<JUDLQVLVDOVR
JRYHUQHG E\ WKH VXUIDFH EDUULHU EXW ZLWK WZLFH ELJJHU YDOXH+V |  2H
%HFDXVHRIWKLVWKHWKHUPDOGLIIXVLRQDWa.LVPXFKVORZHUDQGDWK ! +V
DIWHUTXLWHQDUURZ)&UHJLRQWKHVXUIDFHUHODWHG$&ORVVEHFRPHVK\VWHUHWLF
IUHTXHQF\LQGHSHQGHQW
0HOWSURFHVVHG+76
7KHPHOWSURFHVVHGODUJHJUDLQ+76VDPSOHVKDYHDSSHDUHGWREHYHU\GLIIHUHQW
IURPWKHJUDQXODURQHVLQWKHOHYLWDWLRQSURSHUWLHV)LUVWIURPSRLQWRIYLHZRI
GLIIHUHQW OHYLWDWLRQV\VWHPV WKH\DUHYHU\FORVH WR LGHDOO\KDUG VXSHUFRQGXFWRU
² WKH\KDYHYHU\VWURQJSLQQLQJUHVXOWLQJLQWKHDEVHQFHRIWKHHIIHFWRIWKH30
ULVH DERYH+76 VDPSOH IOX[ UHSXOVLRQ GXULQJ LWV FRROLQJ 6HFRQG WKH VPDOO
LVRODWHGJUDLQVDSSUR[LPDWLRQGRHVQRWZRUNIRUODUJHJUDLQV>@
=(52$33532;,0$7,21,'($//<+$5'683(5&21'8&725
,Q>±@ZHKDYHVKRZQWKDWWKHDSSURDFKRILGHDOO\KDUGVXSHUFRQGXFWRULV
YHU\XVHIXOWRGHVFULEHWKHHODVWLFSURSHUWLHVRIOHYLWDWLRQV\VWHPVZLWKWKHPHOW
WH[WXUHG+76DQGDVDILUVWDSSUR[LPDWLRQWRFDOFXODWHWKH$&ORVVHV7KHLGHD
RI WKH DSSURDFK LV WR XVH WKH VXUIDFH VKLHOGLQJ FXUUHQWV ZKLFK VFUHHQV WKH

VDPSOH IURP WKH SHQHWUDWLRQ RI WKHPDJQHWLF ILHOG YDULDWLRQ LQ UHVSHFW WR LWV
LQLWLDO IUR]HQ GLVWULEXWLRQ RYHU WKH VXUIDFH WR FDOFXODWH WKH PDJQHWLF ILHOG
GLVWULEXWLRQ RXWVLGH WKH VXSHUFRQGXFWRU DQG WR REWDLQ IURP WKLV WKH HODVWLF
SURSHUWLHVRIWKH30±+76V\VWHP7KHPDJQHWLFILHOG%U LQVLGHVXFKDQLGHDO
VXSHUFRQGXFWRUGRHVQRWFKDQJHZLWKDQ\30GLVSODFHPHQWV7KHIHDVLELOLW\RI
WKLV DSSUR[LPDWLRQ LV URXJKO\ GHWHUPLQHGE\ WKH FRQGLWLRQG / ZKHUHG LV
WKHILHOGSHQHWUDWLRQGHSWKDQG/ LVWKHFKDUDFWHUV\VWHPGLPHQVLRQPDLQO\WKH
GLVWDQFH EHWZHHQ 30 DQG +76 )RU PRUH GHWDLOHG FRQVLGHUDWLRQ RI WKH
IHDVLELOLW\ UDQJH VHH >@:LWKLQ VXFK DQDSSUR[LPDWLRQ WKLVSUREOHPKDV DQ
H[DFWDQDO\WLFDOVROXWLRQLQFDVHRIDPDJQHWLFGLSROHRYHUDIODWVXSHUFRQGXFWRU
LQWKHILHOGFRROHG)&FDVH
 7KHQLFH LOOXVWUDWLRQRI WKLV DSSURDFK LV WKH DGYDQFHGPLUURU LPDJHPHWKRG
> @ ,WV GLVWLQFWLRQ IURP WKH XVXDO RQH ZKLFK LV DSSOLHG WR WKH W\SH,
VXSHUFRQGXFWRUV LV LQ XVLQJ RI WKH IUR]HQ 30 LPDJH WKDW FUHDWHV WKH VDPH
PDJQHWLF ILHOG GLVWULEXWLRQRXWVLGH WKH+76 DV WKH IUR]HQPDJQHWLF IOX[GRHV
)LJ LOOXVWUDWHV WKLV7KHFRQILJXUDWLRQRI WKH LPDJHVVKRZV WKDW WKH LGHDOO\
KDUGVXSHUFRQGXFWRULQ)&FDVHVKLHOGVWKHPDJQHWLFILHOGYDULDWLRQLQGXFHGE\
PDJQHWGLVSODFHPHQWV7KHULJRURXVSURYHRIWKLVPHWKRGLVJLYHQLQ>@
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)UR]HQLPDJH
0RYLQJLPDJH

)LJ$GYDQFHGPLUURULPDJHPHWKRG

 'HVSLWHRQVXFKDVLPSOHLOOXVWUDWLRQWKHDQDO\WLFDOVROXWLRQVFDQEHREWDLQHG
IRUWKHLQWHUDFWLRQRIWKHSRLQWPDJQHWLFGLSROHZLWKDVXSHUFRQGXFWRUIRUVRPH
RIWKHVLPSOHVWJHRPHWU\VXFKDVDSODQHRUDQHOOLSVRLGRQO\,QDQ\RWKHUFDVHV
RQH VKRXOG XVH QXPHULFDO FDOFXODWLRQV 6RPH DQDO\WLFDO VROXWLRQV IRU WKH
OHYLWDWLRQ IRUFHV UHVRQDQFH IUHTXHQFLHV DQG QRQOLQHDULW\ FRHIILFLHQWV LQ WKH
FDVHRI30GLSROHRYHUDIODWVXSHUFRQGXFWRUDVZHOODVWKHLUJRRGDJUHHPHQW
ZLWKWKHH[SHULPHQWVKDYHEHHQSXEOLVKHGLQ>@$SHUIHFWDJUHHPHQW
RI WKH IUR]HQ PLUURU LPDJH PRGHO ZLWK WKH H[SHULPHQWDO GDWD KDV EHHQ DOVR
GHPRQVWUDWHGZLWKWKHOHYLWDWLRQIRUFHPHDVXUHPHQWV>@
),567$3352;,0$7,21&5,7,&$/&855(17'(16,7<
1H[WVWHSIURPWKHLGHDOO\KDUGVXSHUFRQGXFWRUDSSUR[LPDWLRQLVIURPLQILQLWHO\
WKLQ OD\HU RI XQGHUVXUIDFH VKLHOGLQJ FXUUHQWV WR WKH ILQLWH RQH ZKLFK LV WKLQ
HQRXJKLQUHVSHFWWRRWKHUV\VWHPGLPHQVLRQV,QWKLVFDVHWKHK\VWHUHVLVRIWKH
HODVWLFSURSHUWLHVDQG$&ORVVHVFDQEHREWDLQHG
 ,QPDQ\HDUOLHUZRUNVVHH>@IRUH[DPSOH LWKDVEHHQVKRZQWKDWWKH
IRUFHV EHWZHHQ D 30 DQG +76 VDPSOH DUH FORVHO\ UHODWHG ZLWK +76
PDJQHWL]DWLRQFXUYHV9HUWLFDO OHYLWDWLRQIRUFHYHUVXVYHUWLFDOGLVWDQFH)]] LV
WKHQHDUHVWDQDORJWR0+ GHSHQGHQFLHVZLWKWKHLUPDMRUDQGPLQRUK\VWHUHVLV
ORRSVEXW WKHFRPSOH[LW\RIDILHOGFRQILJXUDWLRQLQVXFKODUJHVFDOH30±+76
V\VWHPVPDNHV LW YHU\GLIILFXOW WRGLUHFWO\ FRUUHODWH WKHP LQJHQHUDO FDVH7KH
SUREOHPFDQEH VROYHGE\QXPHULFDODSSURDFKHVDQGVRPHRI WKHPKDYHEHHQ
VXFFHVVIXOO\XVHG>@7KHQXPHULFDODSSURDFKHVDUHXQGRXEWHGO\XVHIXOWR
HYDOXDWH WKH UHDO V\VWHP SDUDPHWHUV EXW XVXDOO\ QHHG WRR PXFK FRPSXWHU
UHVRXUFHVWREHDSSOLFDEOHWRGLUHFW+76VDPSOHLQYHVWLJDWLRQ7RSHUIRUPVXFK
DQLQYHVWLJDWLRQDQDQDO\WLFDOHYDOXDWLRQLVPRUHZLVKHGIRU
 ,Q >@ZHKDYHVKRZQ WKDW WKH ILUVW DSSUR[LPDWLRQPHQWLRQHGDERYH LV
DOUHDG\ HQRXJK WR GHVFULEH WKH GHYLDWLRQ RI WKH H[SHULPHQWDOO\ PHDVXUHG

OHYLWDWLRQIRUFHIURPWKHLGHDORQHLWVK\VWHUHVLVVHH)LJDQGFRQVHTXHQWO\
WR GHWHUPLQH WKH FULWLFDO FXUUHQW GHQVLW\ -F IURP VXFK PHDVXUHPHQWV %RWK

YLVXDO
PHWKRGSUHVHQWHGLQ)LJDQGPHWKRGVEDVHGRQDQDO\WLFDOFDOFXODWLRQ
RI WKH OHYLWDWLRQ IRUFH VHH > @ XWLOL]H WKH LGHD WKDW WKH PDJQHWLF IOX[
SHQHWUDWLRQLQWRDQH[WUHPHO\KDUGVXSHUFRQGXFWRUIRUPVDFULWLFDOVXSHUFXUUHQW
OD\HUXQGHULWVVXUIDFHLQUHVSHFWWRWKHFULWLFDOVWDWHPRGHO>@LIWKHVLJQRI
WKHH[WHUQDOILHOGYDULDWLRQLVFKDQJHGDQHZFULWLFDOVXSHUFXUUHQWOD\HUZLWKDQ
RSSRVLWHGLUHFWLRQVWDUWVWRH[SDQGIURPWKHVXUIDFH>@7KHGHSWKRIWKHOD\HU
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
ZKHUHF LVVSHHGRIOLJKWDQGEU LVWKH$&ILHOGDPSOLWXGHGLVWULEXWLRQRYHUWKH
VDPSOHVXUIDFHIURPWKHWLPHLWKDVVWDUWHGWRFKDQJHLQJLYHQGLUHFWLRQZKLFK
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)LJ  7KH YDOXHV RI DYHUDJHG FULWLFDO FXUUHQW GHQVLW\ YHUVXV PD[LPXP YDOXH RI%U WKHPDJQHWLFILHOGWDQJHQWLDOFRPSRQHQWDWWKH+76VXUIDFHREWDLQHGE\GLIIHUHQWPHWKRGV>@7KHVROLGOLQHZLWKUHVSHFWWRULJKWD[LVUHSUHVHQWVWKHGHSHQGHQFHRI%UPD[]

DQGWKLVLVDFRQGLWLRQRIWKHILUVWDSSUR[LPDWLRQLVWZLFHRIWKHSDUDOOHOWRWKH
VXUIDFHFRPSRQHQWRIWKH30ILHOGFRUUHVSRQGLQJYDULDWLRQEU  EDUU >@
 :LWK WKLV VLPSOH LGHD WKH FDOFXODWHG OHYLWDWLRQ IRUFH SHUIHFWO\ ILWV ERWK WKH
H[SHULPHQWDOO\ PHDVXUHG RQH DQG LWV K\VWHUHVLVHV >@ VHH )LJ  )LJ 
VKRZV WKH FULWLFDO FXUUHQW GHQVLWLHV REWDLQHG LQ VXFK D ZD\ WKH YDOXHV RI
DYHUDJHG FULWLFDO FXUUHQW GHQVLW\ YHUVXV PD[LPXP YDOXH RI %U WKH PDJQHWLF
ILHOG WDQJHQWLDOFRPSRQHQWDW WKH+76VXUIDFHREWDLQHGE\GLIIHUHQWPHWKRGV
7KHVROLGOLQHZLWKUHVSHFWWRULJKWD[LVUHSUHVHQWVWKHGHSHQGHQFHRI%UPD[]
),567$3352;,0$7,21(1(5*</266(6
)RU WKH PHOWSURFHVVHG +76 ZKHUH WKH HQHUJ\ ORVVHV KDYH SUHGRPLQDQWO\
K\VWHUHWLF QDWXUH > @ WKH IHDVLELOLW\ RI VXFK DQ DSSUR[LPDWLRQ FDQ EH
GHWHUPLQHG IURP WKHFULWLFDO VWDWHPRGHO WKH WKLFNQHVVRI WKH OD\HUG FDUU\LQJ
WKHFULWLFDOFXUUHQW-F PXVWEHZHOOOHVVWKDQWKH30±+76GLVWDQFHG] VHH
(T$VIDUWKLVLVIXOILOOHGDQGLIWKHGLPHQVLRQRIWKH+76VDPSOHLVPXFK
           
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)LJ([SHULPHQWDOGDWDRI LQYHUVH4IDFWRUYV 30DPSOLWXGHIRUXSSHUVLGHVRIGLIIHUHQWPHOWSURFHVVHG+76VDPSOHV>@

PRUHWKDQG WKHHQHUJ\ORVVSHUVTXDUHZU  FS EU-F ,QWHJUDWLRQRI
WKLVHQHUJ\ORVVRYHUVXSHUFRQGXFWLQJVXUIDFHIRUYHUWLFDO30RVFLOODWLRQVJLYHV
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ZKHUH%U LVWKHSDUDOOHOWRWKHVXUIDFH30ILHOGFRPSRQHQWDQG] LVYHUWLFDOD[LV
)URPKHUHWKHLQYHUVH4IDFWRURIWKH30²+76V\VWHP
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 7KHFRQGLWLRQG ] LVPXFKVWURQJHUWKDQLWLVQHFHVVDU\WRYDOLGDWHWKHXVH
RI WKH GHVFULEHG DSSURDFK IRU WKHPHOWWH[WXUHG+76(YHQ IRU-F a  $FP
DQGIRUE a *WKHSHQHWUDWLRQGHSWKG a PP
 )LJ  SUHVHQWV WKH H[SHULPHQWDO GDWD REWDLQHG ZLWK WKH VOLJKWO\PRGLILHG
UHVRQDQFHRVFLOODWLRQWHFKQLTXH>@7KHOLQHDUGHSHQGHQFLHVIRUWKHLQYHUVH4
IDFWRU4aD  E$ PHDQWKDWHQHUJ\ORVVHVKDYHWZRFRPSRQHQWV
 :  D$  E$ 
7KHQDWXUHRIWKHILUVWFRPSRQHQWYLVFRXVRUVXUIDFHORVVHV>@LVVWLOOXQFOHDU
>@EXWWKHVHFRQGFRPSRQHQWLVZHOONQRZQK\VWHUHWLFORVVHVWKDWGHVFULEHGE\
WKHFULWLFDOVWDWHPRGHO)URPWKLVSDUWXVLQJIURP(TWKHYDOXHRIWKHFULWLFDO
FXUUHQWGHQVLW\FDQEHREWDLQHG
 7KH OLQHDUGHSHQGHQFLHVRI4$ OLNH UHSUHVHQWHG LQ)LJDUHREVHUYHG
IRU WKH VDPSOHV MXVW DIWHUPDQXIDFWXULQJ:LWK DJLQJ RI VDPSOHVZKLFK ILUVWO\
DIIHFWV XQGHUVXUIDFH OD\HUV WKHVH GHSHQGHQFLHV EHFRPH QRQOLQHDU >@ 7KLV
PHDQVWKDWWKHFULWLFDOFXUUHQWGHQVLW\-F EHFRPHVVSDWLDOO\QRQXQLIRUP)LJ
SUHVHQWV VXFK GHSHQGHQFLHV IRU RQH PHOWSURFHVVHG +76 VDPSOH MXVW DIWHU
PDQXIDFWXULQJ DQG KDOI D \HDU ODWHU )RU WKH LQLWLDO VDPSOH ZLWK WKH DERYH
DSSURDFKZHKDYHREWDLQHGWKHYDOXH-F  Â $FP 7KHHVWLPDWLRQRIWKH

XQGHUVXUIDFH -F[o RI WKH GHJUDGHG VDPSOH IURP WKH LQLWLDO VORSH RI LWV
4$ GHSHQGHQFH JLYHV -F Â $FP ,Q >@ ZH KDYH IRXQG WKH
FRUUHODWLRQVEHWZHHQ-F[ DQG4$ IXQFWLRQV DQGGHYHORSHGD WHFKQLTXH WR
UHFRYHUWKHFULWLFDOFXUUHQWGHQVLW\SURILOHV-F[ LQWKLQXQGHUVXUIDFHOD\HU7KH
VLPLODUDSSURDFKIRUUHFRQVWUXFWLRQRIFULWLFDOFXUUHQWGHQVLW\SURILOHVIURP$&
VXVFHSWLELOLW\PHDVXUHPHQWVKDYHEHHQSURSRVHGE\&DPSEHOO>@
6(&21'$3352;,0$7,21&5,7,&$/&855(17352),/(6
,Q>@ZHKDYHVKRZQWKDWLQWKH$&PDJQHWLFILHOGWKHHQHUJ\GLVVLSDWHGSHU
SHULRG SHU XQLW RI VXUIDFH DUHD LQ QRQXQLIRUP VXSHUFRQGXFWRU -F%  FRQVW
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[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)LJ([SHULPHQWDOGHSHQGHQFLHVRIWKHLQYHUVH4IDFWRURQWKHUHVRQDQFHDPSOLWXGHRIWKHSHUPDQHQWPDJQHWDERYH WKHEXON<%&2VDPSOH MXVWDIWHUPDQXIDFWXULQJ DQGLQKDOID\HDU

+HUHG LVWKH$&ILHOGSHQHWUDWLRQGHSWKEV LVWKHDPSOLWXGHRIWKH$&ILHOGDW
WKHVDPSOHVXUIDFHDQGWKH$&ILHOGDPSOLWXGHLQVLGHDVXSHUFRQGXFWRULV
 E[  EV  SF ¶´
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 7KHQIURPDQGRQHFDQUHDGLO\REWDLQWKHFULWLFDOFXUUHQWGHQVLW\-F
DWWKHGHSWKG DVDIXQFWLRQRIWKHH[SHULPHQWDOGDWD:V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)LJ ,QYHUVH4IDFWRUYV30DPSOLWXGHH[SHULPHQWDOEHIRUH  DQGDIWHUSROLVKLQJDQG FDOFXODWHG GDWD ZLWK WKH %HDQ/LYLQJVWRQ VXUIDFH EDUULHU  DQG IRU WKH PRGHO RI WKHG\QDPLFEDUULHUVXUPRXQWLQJ
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WKHDEVHQFHRIWKHVXUIDFHEDUULHUDWORZUDWHVRIILHOGYDULDWLRQWRLWVDSSHDUDQFH
DWKLJKHUUDWHV 
 7KH LGHD RI VXFK D G\QDPLF EDUULHU LV IROORZLQJ $V D UHVXOW RI WKH VWURQJ
SLQQLQJ WKHYRUWLFHVDUHIRUPHGLQ ORQJKDOIORRSVXQGHU+76VXUIDFHDVLW LV
VFKHPDWLFDOO\VKRZQLQ)LJD$VIDUDVWKHSDUDOOHOWRWKHVXUIDFH$&ILHOG
FRPSRQHQWLVPXFKELJJHUWKDQWKHSHUSHQGLFXODURQHEU !!EQ WKHYHORFLW\YU
RI WKH DORQJ VXUIDFH SURSDJDWLRQ RI SHUSHQGLFXODU SDUWV RI YRUWLFHV VKRXOG EH
PXFK KLJKHU WKDQ WKH YHORFLW\ RI SDUDOOHO SDUWV RI YRUWLFHV YQ 7KHQ RQH FDQ
FRQVLGHUWZRH[WUHPHVIRUDYRUWH[WRUHDFKLWVSRVLWLRQZKLFKLVGHWHUPLQHGE\
EUU GLVWULEXWLRQ VKRZQ DV E DQG F LQ )LJ  ,Q SUHVHQFH RI D VXUIDFH
EDUULHU WKH ODVW RQH FRUUHVSRQGV WR HQHUJ\PLQLPXP PRWLRQ IRU ORZ YU EXW
EHFRPHVXQIDYRUDEOHDWKLJKYHORFLWLHV7KXV WKHUH LVDFULWLFDOYHORFLW\YUFDW
ZKLFK DQ LQIOXHQFH RI WKH VXUIDFH EDUULHU RQ FRPSDFW YRUWH[ VWUXFWXUHV
SHQHWUDWLRQDSSHDUV7KHFDOFXODWLRQVGRWWHGOLQH LQ)LJZKLFKEDVHGRQ
WKLV LGHDDQGRQFRQVLGHUDWLRQRI WKH%HDQ/LYLQJVWRQVXUIDFHEDUULHU >@
JLYHVYHU\JRRGDJUHHPHQWZLWKWKHH[SHULPHQW>@
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
 7R VXPPDUL]HZH KDYH VKRZQ WKDW WKH YRUWH[ G\QDPLFV LQPHOWSURFHVVHG
TXDVLVLQJOH FU\VWDOV RI < KDV HVVHQWLDOO\ K\VWHUHWLF QDWXUH ² WKH ORZ
IUHTXHQF\ HQHUJ\ ORVV GRHV QRW GHSHQG RQ$& ILHOG IUHTXHQF\²DQG FDQEH
ZHOOGHVFULEHGE\ WKHFULWLFDOVWDWHPRGHO7KHZKROHSK\VLFVRI WKH30±+76
LQWHUDFWLRQ LVFRQFHQWUDWHG LQD WKLQXQGHUVXUIDFH OD\HURI+76VDPSOHVZKHUH
WKH FRPSDFW YRUWH[ VWUXFWXUHV DOWHUQDWHO\ SHQHWUDWHV LQWR +76 GXULQJ 30
RVFLOODWLRQV&RQVHTXHQWO\WKHG\QDPLFSDUDPHWHUVRIWKH30±+76V\VWHPVDUH
YHU\VHQVLWLYHWR+76VXUIDFHGHJUDGDWLRQ7KHSROLVKLQJRIWKHVXUIDFHOHDGVWR
DSSHDUDQFHRIDG\QDPLFHIIHFWZKLFKLVSHFXOLDU WRFRPSDFWYRUWH[VWUXFWXUHV
FRQVLGHUHGDERYHDQGFRQVLVWVLQDG\QDPLFVXUPRXQWLQJRIWKHVXUIDFHEDUULHU
E\SHQHWUDWLQJYRUWLFHV
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 8VLQJ WKH REWDLQHG UHVXOWVZH KDYH XWLOL]HG WKH OHYLWDWLRQ V\VWHPV LQPDQ\
SUDFWLFDOPHWKRGVDQGGHYLFHVWKHPHWKRGVIRUHQHUJ\ORVVPHDVXUHPHQWVLQ,,
W\SH VXSHUFRQGXFWRUV > @ DQG DQ\ HOHFWURPDJQHWLF PDWHULDOV >@ WKH
PHWKRG IRU PHDVXULQJ PDJQHWLF ILHOG JUDGLHQWV >@ YLVFRVLPHWHU > @
DFFHOHURPHWHU >@ YLEURPHWHU >@ WKH PHWKRG RI VXSHUFRQGXFWLQJ YROXPH
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)LJ 6FKHPHRI WKH FRPSRXQGEHDULQJ OHIW DQG HQHUJ\ ORVV LQ VXFK D V\VWHPZLWKDQGZLWKRXWWKHJUDQXODUFRPSRQHQWULJKW
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IUDFWLRQGHWHUPLQDWLRQ>@ WKHPHWKRGV IRUFULWLFDOFXUUHQWGHQVLW\HYDOXDWLRQ
>@WKHPHWKRGIRUIRUTXDOLW\HVWLPDWLRQRIVXSHUFRQGXFWLQJMRLQWVLQEXON
PHOWSURFHVVHG KLJK WHPSHUDWXUH VXSHUFRQGXFWRUV >@ WKH KLJKVSHHG
PDJQHWLFURWRU>@WKHFRQWDFWOHVVEHDULQJZLWKVHOIFHQWHULQJDQGLQWULQVLF
GDPSLQJRISDUDVLWLFYLEUDWLRQV>@
 7KH ODVW RQH XVHV ERWK PHOWWH[WXUHG DQG JUDQXODU +76 FRPSRQHQWV DQG
DFFXPXODWH WKH NQRZOHGJH RI WKH UHVXOWV ZKLFK KDYH EHHQ UHYLHZHG KHUH
6FKHPH RI VXFK D EHDULQJ LV VKRZQ )LJ  OHIW 7KH PHOWSURFHVVHG
FRPSRQHQWVKDYHEHHQXVHGDVDPDLQFDUU\LQJV\VWHPWRVXSSRUWWKHZHLJKWRI
WKH URWRUDQG WRSURYLGH WKH ORZ$& ORVVHVDW LWV URWDWLRQV7KHJUDQXODU+76
ZHUHXVHGWRREWDLQWKHVHOIFHQWHULQJHIIHFWGXULQJFRROLQJDQGWRGHFUHDVHWKH
SDUDVLWLF UHVRQDQFHV LQ WKH V\VWHP >@ 7KH $& ORVV GHSHQGHQFLHV RQ WKH
URWDWLRQ VSHHG RI WKH URWRU LQ WKH V\VWHPV ZLWK DQG ZLWKRXW WKH JUDQXODU
FRPSRQHQW DUHDOVR VKRZQ LQ)LJ ULJKW7KHJUDQXODU+76GHFUHDVHV WKH
UHVRQDQFHSHDNDQGLQFUHDVHVWKHURWRUVWDELOLW\6XFKHIIHFWLYHGDPSLQJRIWKH
ORZ IUHTXHQF\ YLEUDWLRQV LV D FRQVHTXHQFH RI KLJK HQHUJ\ ORVVHV GXH WR
LQWUDJUDLQPDJQHWLFIOX[PRWLRQLQWKHVHPDWHULDOVEXWRQO\IRUZHOORSWLPL]HG
URWRUV ZKHQ $& ILHOG LV OHVV WKDQ EF WKH FRQWULEXWLRQ RI WKHVH JUDQXODU
FRPSRQHQWVWRHQHUJ\ORVVDWKLJKIUHTXHQF\LVQHJOLJLEOH>@
&RQFOXVLRQV
,Q WKLVSDSHUZHKDYHSUHVHQWHGDVKRUWUHYLHZRIWKHH[SHULPHQWDOWHFKQLTXHV
ZLWKOHYLWDWLRQVXFKDVOHYLWDWLRQIRUFHPHDVXUHPHQWVWKHUHVRQDQFHRVFLOODWLRQ
WHFKQLTXH WKH PHWKRGV EDVHG RQ FRQWDFWOHVV PDJQHWLF URWRUV HWF 7KHVH
WHFKQLTXHVDUHQRQGHVWUXFWLYHE\QDWXUHHDV\WRXVHDQGDOORZWRREWDLQXQLTXH
LQIRUPDWLRQ DERXW WKHSK\VLFDOSURSHUWLHVRI WKH+76ZLWKKLJK DFFXUDF\:H
KDYHXVHGWKHVH WHFKQLTXHV WR LQYHVWLJDWH WKHPDFURVFRSLFPDJQHWLFSURSHUWLHV

RIWKHJUDQXODUDQGTXDVLVLQJOHFU\VWDOPHOWSURFHVVHG+76DQGIXQGDPHQWDO
SURSHUWLHVRIFRPSDFWYRUWH[VWUXFWXUHVG\QDPLFVLQ+76EXONV
 ,WKDVEHHQSURYHGWKDWWKHVXUIDFHEDUULHUSOD\VDQLPSRUWDQWUROHIRUPLQJWKH
PDFURVFRSLF PDJQHWLF SURSHUWLHV RI +76 FHUDPLFV $W VPDOO $& ILHOG
DPSOLWXGHV  * LW SUHYHQWV WKH PDJQHWLF IOX[ SHQHWUDWLRQ LQWR
VXSHUFRQGXFWLQJ JUDLQV $W ELJJHU DPSOLWXGHV LW FDXVHV WKH K\VWHUHWLF HQHUJ\
ORVV,WLVWKHVXUIDFHEDUULHUUDWKHUWKDQEXONSLQQLQJWKDWLVUHVSRQVLEOHIRUWKH
UDQJHRITXDVLHTXLOLEULXPSRVLWLRQVLQWKH30±+76V\VWHPVDQGIRUWKHVKRUW
WLPHPDJQHWLFUHOD[DWLRQLQ%LFHUDPLFV,QWKHILHOGFRROHGUHJLPHWKHVXUIDFH
EDUULHU LV WKHPDLQUHDVRQIRU WKHIOX[UHSXOVLRQDQGWKH30IORDWLQJXSHIIHFW
IURPDERYHWKH+76FHUDPLFV
 7KH LQWUDJUDLQ YRUWH[ G\QDPLFV LV GHWHUPLQHG E\ ZHDN 8S a N7 SLQQLQJ
FHQWHUV OLNH R[\JHQ YDFDQFLHV 7KLV GHPRQVWUDWHV WKDW WKH VWURQJ 8S !! N7
SLQQLQJFHQWHUVOLNHGLVORFDWLRQVDQGWZLQERXQGDULHVDUHSUDFWLFDOO\DEVHQWLQ
WKHVXSHUFRQGXFWLQJJUDLQVRIWKH+76FHUDPLFVPDGHE\WKHVWDQGDUGVLQWHULQJ
WHFKQLTXHV7KUHHUHJLRQVRIYRUWH[PRWLRQLQWKH/RUHQ]IRUFHVFDOH$&ILHOG
DPSOLWXGHKDYHEHHQGHWHUPLQHGDQGH[SORUHGWKHUPDOO\DVVLVWHGIOX[PRWLRQ
7$))WKHUPDOO\DFWLYDWHGIOX[FUHHS7$)&DQGIUHHIOX[IORZ))7$))
DQG))DUHOLQHDULHFDQEHDVVLJQHGE\FRQVWDQWYLVFRVLW\RIYRUWH[PRWLRQ
 7KH YRUWH[ G\QDPLFV LQ PHOWSURFHVVHG TXDVLVLQJOH FU\VWDOV RI < KDV
HVVHQWLDOO\ K\VWHUHWLF QDWXUH DQG FDQ EH ZHOO GHVFULEHG E\ WKH FULWLFDO VWDWH
PRGHOZLWK D VWURQJ SLQQLQJPHFKDQLVP7KHZKROH SK\VLFV RI WKH 30±+76
LQWHUDFWLRQ LVFRQFHQWUDWHG LQD WKLQXQGHUVXUIDFH OD\HURI+76VDPSOHVZKHUH
WKH FRPSDFW YRUWH[ VWUXFWXUHV DOWHUQDWHO\ SHQHWUDWHV LQWR +76 GXULQJ 30
RVFLOODWLRQV 7KH VXUIDFH EDUULHUZKLFK FDQ EH REVHUYHG DW VSHFLDOO\ SROLVKHG
VXUIDFHVSURGXFHVDG\QDPLFHIIHFWWKHQDWXUHRIZKLFKLVSHFXOLDUWRFRPSDFW
YRUWH[VWUXFWXUHVEHKDYLRUXQGHULQIOXHQFHRIDVWURQJSLQQLQJ7KHGLVORFDWLRQV
DUHFRQVLGHUHGWREHWKHPRVWSUREDEOHFDQGLGDWHVIRUVXFKDVWURQJSLQQLQJ
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